Based on product simulation software, FEA method is used to identify the structural modal of instrumented indentation equipment frame which is the main supporting part of the High-precision instrumented indentation tester developed and realized by our group. From dynamic finite element computations, the multistage natural frequencies of tester frame are derived. The first 6 ranks vibration frequencies are all less than 10Hz, therefore, the loading and unloading process should be kept in quasi static state so as to prevent system resonance.
Introduction
In this paper, finite element analysis method is used to identify the 3D frame model structural modal of High-precision instrumented indentation tester [1] [2] [3] [4] [5] [6] [7] . This tester was a type of sophisticated experimental equipment which is used to test the mechanical properties of materials in distinguishing features such as nanometer-scale penetration and non-destructive [8] [9] [10] .
From dynamic finite element computations, the multistage natural frequencies of tester frame are derived. The first 6 ranks vibration frequencies are all in the span of low frequency (less than 10Hz), therefore, it is necessary for High-precision instrumented indentation tester to use voice coil motor to realize the quasi static loading and unloading process. In order to reduce environment disturbance, instrumented indentation tester should be placed on the vibrating isolation desk which is with the specific design to isolate low frequency vibration. The vibration model shows that the largest amplitude of tester frame is concentrated in the frame edge, so a strengthen structure in there is needed to solve the problems.
The research in this paper will be helpful for further improvement of instrumented indentation tester.
Computational Model
Full three dimensional finite element model of instrumented indentation tester frame is imported into FEA software to conduct the frame modal analysis. In order to ensure the simulation accuracy, dynamic modal analysis uses the whole frame model.
Model for Modal Analysis
In this paper, the three dimensional element model is created strictly as the real tester's size. Structure features of model, parts materials, constrain and forces should be accord to the equipment real working condition. Modal analysis to determine the natural frequency of the structure and vibration mode, is the basis for all types of dynamic analysis. As modal analysis is a dynamic analysis, the modeling step should be set to linear perturbation step, the unit type should be used explicit unit. Material of frame is stainless steel 304 in the model. Elastic modulus of stainless steel 304 is set to 193GPa and the poisson ratio is 0.3. Material density is 7930Kg / m 3 , Fig. 1 shows the overall mesh of the frame model. Support plate and bolt connections of frame are set as complete bind. A total of 5031 linear hexahedral elements of type C3D8 is used for support plate, and 21249 linear tetrahedral elements of type C3D4 are used for the rest parts of the frame. According to the actual situation, the solver chooses the Lanczos method which has high computing speed and high precision. 
Analysis of Frame Mode
According to the theory of mechanical vibration, the low-order modes of the structure have a great influence on the vibration response of the system, while the high-order modes are negligible due to the large energy. The results of the first six modes of the simulation results are shown in Table 1 . Figure 2 shows the first to fourth order modes vibration pattern. It can be seen from the figure that there is a large amplitude at the edge of the frame. 
Conclusions
Through the finite element modal analysis, it can be seen that the frame of High-precision instrumented indentation tester is sensitive to low frequency vibration. During the working process, low frequency vibration disturbance should be avoided. In this regard, the paper proposed the following two countermeasures: (1) reduce the rate of instrument loading / unloading process, so that the process of loading / unloading is completed in quasi-static state.
(2) the tester should be equipped with low-frequency filter table.
